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ARNEL R. HALLAUER 
An appreciation 
by G.F. Spraguel and K.R. Lamkey2 
This volume is dedica ted to Arne! R. Ha llaue r. 
For the last 3 decades, he has made significant con-
tributions to quantitative genetics with particula r 
reference to corn breeding. His research e ffort has 
focused on the evaluation of quantitative genetic 
theory, and the eva luatio n and uti lization o f recur-
Biographical Sketch 
Arne! R. Hallaue r is a midwesterner. He was born 
in Kansas on May 4, 1932 at Netawaka. His inte rest in 
corn research began when he was 14, in the fa ll of 
1946, when he had a pa1t-time job with Dr. Lloyd A. 
Tatum harvesting expe rimental corn trials in Northeast 
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re nt selection for popu lation improvement and the 
efficient development of new inbred lines for use in 
corn hybrids. 
I l 'niversily of Illinois. Dcp;1nmcn1 of i\gronomy, Urh:ma, IL 
61801, U.SA. 
2 Field Crops Hesearch lJnit, USDA, Agriculiurc l{cse;1rch Ser-
, ·ice. Dep;1rtment of Agro nomy, Iowa State University, /\mes, lA 
50011. U.S.A 
Kansas. He continued working part-time w ith Dr. 
Tatum while attending high school 0946-1950), p lan-
ting experimental corn trials in the spring and harvest-
ing them in the fa ll . During the summer months of 
his high school years, he detasselecl corn for the pro-
duction of double-cross hybrid seed for Mr. Carl 
Overly of the Kansas Crop Improvement Association. 
These associations with Dr. Tatum and Mr. Overly led 
him to Kansas State Unive rsity where he received his 
2 ARNEL R. HALLA I !El{ 
B.S. degree with honors in 1954 with a major in Plant 
Science. During his undergraduate studies, he was 
continuously employed pan-time on a hourly basis 
with the cooperative Federal-State corn breeding 
project at Kansas State University directed by Dr. 
Tatum. During this time in his undergraduate studies, 
he experienced all aspects of the breeding project 
including preparing seed , planting, daca collection, 
harvesting, pollinating in the breeding nurseries, and 
analyzing and summarizing data of experimental trials. 
After finishing his undergraduate degree, fol-
lowed by 2 years of milicary service 0954-1956), Dr. 
Tatum impressed with his young assistant 's dedica-
tion and work ethic urged Amel to attend graduate 
school for an advanced degree in plant breeding. 
After considering offers from several universities, 
Iowa State Unive rsity became his choice. This offer 
was chosen after consultation with Dr. Tatum, 
because the offer included w orking with Dr. George 
F. Sprague, a plant breeder who was highly regarded 
for his research program. Dr. Hallauer completed the 
requirements for the M.S. degree in plant breeding in 
1958. He accepted a position as a research agrono-
mist with the lJ. S. Depattment of Agriculture, Agri-
culture Research Service (USDA, ARS) in the summer 
of 1958. The major responsibilities of this position 
were conducting host-plant resistance studies with 
Mr. Ferd Dicke at the USDA, ARS corn insects labora-
tory in Ankeny, Iowa. While working for the USDA, 
ARS, he continued on in graduate school and re-
ceived his Ph.D. in 1960. Dr. W.A. Russell served as 
his major advisor for the Ph.D. degree after Dr. 
Sprague was transferred to Beltsville , Maryland in 
1958 to become USDA, ARS Investigations Leader for 
corn and sorghum research. 
With the completion of his Ph.D. degree he was 
transferred to North Carolina State College as a 
USDA,ARS Post-Doctoral Research Geneticist to 
spend a year with Professor C. Clark Cockerham. In 
1962, he was transferred back to Ames as a 
USDA,ARS Research Geneticist, where he continued 
in this capacity for the next 27 years. In December of 
1989, Dr. Hallaue r retired from the USDA,ARS and 
accepted a position w ith Iowa State University as 
Professor of Plant Breeding. In 1991 , he was promot-
ed to C. F. Curtiss Distinguished Professor in Agri-
culture. The research interests throughout his career 
have been in the extension and evaluation of quanti-
ta tive genetic theory as it relates to corn breeding. 
Before deta iling his accomplishments, it is necessa1y 
to put the development of corn breeding and quanti-
tative genetic theory in historical perspective. 
Quantitative Genetics: A Historical Perspective 
With the beginning of the modern era of corn 
breeding 0 920-1950), hybrids rapidly supplanted the 
previously grown open-pollinated varieties. In the 
major corn producing sta tes, this transition was com-
pleted in about 10 years with an accompanying sub-
stantial increase in pe r acre yie lds. Following this ini-
tial success, corn breeders continued their sampling 
of open-pollinated varieties hut to an increasing 
extent devoted their efforts to "second-cycle'' breed-
ing; the development of new lines from the best 
parents of the then current hybrids. When such lines 
began to reach the evaluation stage, the results were 
generally disappointing. The newer lines tended to 
be highe r yielding than their o riginal parents hut the 
hybrids among them were not markedly superior to 
those first released (HALLA! qm, 1990). 
During this period 0920-1950), some corn breed-
e rs interpreted this experience as indicating that the 
big gains had been achieved and tha t further progress 
would be limited and difficu lt to achieve. Others 
interpreted the results as indicating a conceptual limi-
tation of the methods in use and directed the ir e ffo rts 
toward the development and evaluation of new con-
cepts and procedures. Such was the beginning of 
quantitative genetics as applied to corn breed ing. 
Era: Quantitative Genetics Integrated 
into Corn Breeding 
The q uantitative genetics approach was not uni-
versally accepted. Heservations as to the util ity of the 
method were due, in large part, to the perception 
that the mathematical restrictio ns of the model might 
limit its biological utility. The assumptions of the 
model causing most concern were: no mutation , no 
linkage, and no epistasis. These restrictions were 
imposed to simplify algebraic manipulations rathe r 
than the belief that such phenome na either did not 
exist or were of limited importance. Classical gene-
tics had devoted considerable effort in detailed stu-
dies of precisely these topics. 
New mutations wo uld he expected to have only 
minor effects in the development o f stable lines but 
could be of importance in long term selection expe-
riments or synthetic populations developed by the 
breeders. The effects of linkage bias would he mini-
mized if quantitative traits were conditioned by large 
numbe rs of genes with random genomic distribution. 
Where linkage equilibrium can be assumed , linkage 
bias wo uld be minimized hut unfortunately for many 
populations used , F2 's , hackcrosses, etc., linkage hias 
would be at a maximum. The failure to accommoda-
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FIGLHE l - Corn breeding pro ject G t 1952. From left to ri ght , Hoh Ward (hourl y), Michdsen (technicia n), Dr. W.A. Russell , Dr. L.H . Pen-
ney . Dr. G.F. Sprague. Dr. A.H. H:tll aue r. Angus Hyer (grad uate studen t). Hosbacco (v isit ing scientist) S. L. Marvick (technician), Pedro 
Reyes (graduate student). Mohammad Khan (grad uat e student). 
te epistas is also could introduce a bias. Epistasis had 
been well established in class ica l genetic studies. 
Presumably it might be eq ually important for quanti-
tative traits though this had yet to be estab lished. 
With the limitations arising from these and other 
sources the question remained: Did the mathematica l 
models encompass sufficient detail to provide a useful 
picture of the biolog ical complexites involved' More 
specifica lly wou ld the models provide estimates of 
population parameters which wou ld be useful for pre-
dicting response to selectio n or for comparing relative 
efficiency of alternative breeding systems' Answers to 
such questions could come only from detailed experi-
ments. This was the situation when Dr. Hallauer ente-
red the field and his ca reer has been devoted to 
seeking answers to these and related questions. 
Obviously the relative importance o f different 
types of gene action (additi ve, dominance, epistatic) 
involved in the inheritance of quantitative traits was 
of prime importance. Dr. Hallauer has contributed 
greatl y to undestanding gene action in corn through a 
FIGURE 2 - Meeting o f the Chinese Academy of Science, ca 1987. 
From left to right, Su Guo Qun, Professor Li , Dr. A.R. Hallauer, 
and Ren Rui . 
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variety of experimental approaches, some of which 
will be discussed briefly in the sections which follow. 
Hallauer's Contributions 
He conducted an extensive study relating mean 
performance for a series of quantitative traits to 
decrease in heterozygosity achieved under three 
systems of inbreeding; self-fertilization, half and full-
sib matings. The differences in rates of approach to 
homozygosity were found to be of limited importan-
ce. For most of the traits studied, the linear regression 
relating mean performance and level of inbreeding 
accounted for 98-99% of the variation. This would he 
the expectation with independent loci and any 
degree of dominance. Departures from linearity 
would be evidence for epistasis. The quadratic com-
ponent for the trait, yield, was highly significant but 
accounted for only 0. 5% of the total variation for yield 
(HALLAUEI< and SEARS,1973; Goon and HALLACFR, 1977). 
In quantitative genetics, epistasis is measured by 
the nonadditivity of effects among loci. This nonli-
nearity could arise from additive x additive, additive 
x dominance or dominant x dominant interactions. 
Several methods have been used for the estimation 
of epistasis. 
Using a series of random lines derived from the 
corn population Iowa Stiff Stalk Synthetic (BSSS), Dr. 
Hallauer conducted both North Carolina Design I 
and Design II studies to obtain variances for the 
additive (A) and dominance (D) components and the 
three epistatic components (AA), (AD), and (DD). 
The additive component accounted for 93% of the 
total genetic variance for yield. When dominance 
was included, the two accounted for 99%. Thus epi-
stasis, as measured, was a minor contributor to the 
genetic variance for yield (SILVA and HALLAUER, 1975). 
On the possibility that epistasis might vary with 
the level of performance of the parental lines, four 
groups of lines were chosen: first cycle, second 
cycle, good, and poor. Within each set, all possible 
F 1 hybrids were obtained and, through selfing and 
backcrossing heterozygosity levels of 0, 25, 50, and 
100% were established within each set. Evidence for 
epistasis was examined by using departures from 
linearity in the regression of perfomrance on hete-
rozygosity. Evidence for epistasis was greatest 
among the "poor" set but was relatively unimportant 
for most traits measured within each group. Thus 
evidence for epistasis exists but this type of gene 
action appears to be relatively unimportant with the 
methods of estimation currently available (MAiffI:\ 
and HALLAUER, 1976). 
The quantitative genetic approach has proven 
very useful in providing theoretical expectations for 
improvement from selection under alternative breed-
ing systems. Corn breeders throughout the world 
have benefited from Dr. Hallauer's book. Here, he 
has performed a great service in preparing a detailed 
survey of his own studies and the extensive work of 
others as it relates to those expectations in his excel-
lent book that he co-authored with J.B. Miranda, 
Filho entitled Quantitatiue Genetics and Maize 
Breeding. The breeding systems covered range from 
mass selection, selection within and among inbred 
families through the various modifications of recur-
rent selection. All of these systems are cyclical with 
the primary distinctions being the type of progenies 
evaluated and the time required to complete a cycle 
of selection. 
Recurrent selection studies, with selection pressu-
re primarily applied for yield, have been conducted 
with populations of differing genetic backgrounds; 
synthetics, composites and open-pollinated varieties. 
Response to selection is a function of allelic fre-
quency and genetic variability as well as the selec-
tion pressure applied. Because there is no easy 
method for the estimation of allelic frequencies con-
ditioning a quantitative trait, evaluation of response 
to selection has relied on changes in means and 
other population parameters over cycles of selection. 
Estimates of additive (CT2A) and dominance (u2n) 
variance provided a measure of the contribution of 
these types of gene action to genetic variability; these 
types of gene action being those most responsive to 
selection. Results from a number of studies, for all 
traits measured, indicated that CT2 A was consistently 
greater than CT21» which was often zero or negative. 
With these general findings as a background, 
genetic expectations were developed for a series of 
alternative breeding systems. These differ in cycle 
time and the precision of estimates may he influ-
enced by replication over locations and years. Dr. 
Hallauer emphasized that each method might have 
relevance in a breeding program depending on the 
objective to be achieved. 
Dr. Hallauer is well known for his ability to investi-
gate, interpret, and relate quantitative genetics to effi-
cient development of germplasm populations, inbred 
lines, and hybrids of corn. He developed the recipro-
cal full-sib selection (FR) method to combine recur-
rent selection procedures for population improvement 
with inbred and hybrid development (I lALLAt 'El' and 
EBEi{] !Alff, 197()). Experiments have been designed to 
evaluate the actual genetic improvement that could be 
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realized by this procedure. He initiated FR selection in 
1963 in two prolific corn populations, BSIO and BSll. 
Eight cycles of selection have been completed and 
evaluated for direct [BS10(FRJCn x BSll(FRJCn] and 
indirect [BSH)(FR.)Cn and BSll(FRJC:n rer seJ respon-
se. The eight cycles of selection were effective for 
increasing grain yield of the population cross (6.5fY<J 
per cycle) , BSlO (2.90fci per cycle> ancl BSll 0.6% per 
cycle). These experiments have demonstrated that FR 
selection can he used effectively to improve popula-
tions and develop improved inbred lines simultaneous-
ly. The results from these experiments, along with 
data from other experiments that he has conducted, 
have also shown that inbred lines can serve effectively 
as testers in the development of corn hybrids. Most 
corn breeders in both the ruhlic and private sector 
have adopted the use of inbred testers in their breed-
ing programs. 
The Iowa corn breeding program has been charac-
terized by one unique feature , quantitative genetic 
theory ha .~ been evaluated ~It two levels; by clunges in 
population parameters as they are modified by the 
recurrent selection system imposed and by an inde-
pendent evaluation of their applied utility. The lines 
chosen to form each new cycle arc routinely evaluated 
for their possible commercial utility. The well known 
and highly utilized lines B1 4, B37, B73, and B81 were 
identified under this system. In a survey of the parent-
age of seed available for 1980 plantings. these four lines 
were involved in 190fci of the tot:il US seed supply 
( Zt llFH and DAHJ(i\11, 1980). Publicly released recovered 
strains of these lines accounted for another 15rYti. The 
total use, 34%. may he an underestimate of the total 
usage of these germ plasm sources because proprietary 
modified versions of these lines would not have been 
included in the survey. Impressive as these survey 
results arc they represent usage for only a single year, 
whereas. these lines developed out of the cooperative 
Federal-State Iowa com breeding program have been 
in use for a number of years. Thus, the curnu lative 
contribution of these lines to U.S. and world maize 
production has been tremendou.~. 
Dr. Hallauer's primary contributions to agriculture 
have occurred, directly and indirectly, because of his 
research in corn breeding. He has had :1 leading or 
supportive role in the development and evaluation of 
more than 30 corn synthetics and 18 inbred lines that 
have bee n released to the seed industry by the Iowa 
Agricultural Experiment St;ttion during his years as 
leader of the Feder~tl-St:lte corn breeding research 
project. A survey sponsored by the American Seed 
Trade Association in 1980 .~howcd that inbred B73 
vvas used more extensively than any other inbred line 
in the production of hybrids in the U.S. 1373 is also 
used wide ly as a parental line for hybrids in several 
European countries and Asia. The corn synthetics and 
inbred lines are also used by private company breed-
e rs in the development of new inbred lines. Corn 
breeders in the private sector frequently seek his 
counse l relative to breeding methods and the applica-
tion of quantitative genetic theories to breeding pro-
cedures. Several of his graduate students are now 
employees in the seed indust1y where they are enga-
ged in the development of improved corn hybrids for 
agriculture in Iowa and the U.S. 
Recurrent selection has bee n used effectively by 
Dr. Hallauer as a procedure for integrating exotic 
germplasm into existing breed ing programs. He 
showed that recurrent phenotypic selection for matu-
rity and plant type was effective for adapting foreign 
germplasm to U.S. Corn Belt e nvironme nts (I-IALLALIEH 
and S1,A11s, 1972). He has successfully adapted Latin 
American cultivars Ero Composite, Tuxpeno, and 
Antigua, and is currently working with Suwan 1 from 
southeast Asia, Mexican Dent, and Cateto x Carri-
bean Flint. These populations arc used extensively in 
the tropics. The improved germplasm has good yield 
potential and a greater frequency of individuals with 
disease and insect resistance compared with popula-
tions used for the developme nt of current commer-
cial hybrids. His concern with genetic vulnerability 
and interest in the use of exotic germplasm has led 
to the development of a germplasm research posi-
tion in the USDA,ARS corn research project at Iowa 
State University. 
In addition to his exemplary resea rch career, Dr. 
Hallauer has also been an outstanding educator. He 
has devoted much attention to the training of gradu-
ate students who have come from the U.S. and 16 
foreign countries. He has been major adviso r to 47 
students (16 M.S. and 31 Ph.D.) and 12 postdoctoral 
or visiting scientists. Currently he serves as major 
advisor for 13 students (2 M.S. and 11 Ph.D.). Additio-
nally , he has served on the graduate study committee 
for over 95 students in plant breeding and related 
sciences. Many foreign scientists have spent varying 
periods of time with him to observe and discuss his 
research studies in maize breeding. He currently 
teaches one graduate level course in plant breeding. 
Dr. Hallauer has received numerous honors and 
awards in recognition of his research contributions. 
Among these are: Fellow (American Society of Agro-
nomy, 1979), Fellow, (Crop Science of America 
Society, 1985), Crop Science Award (Crop Science of 
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America Society, 1981), Agronomic Achievement 
Award-Crops (Agronomy Society of America, 1989), 
Applied Research and Extension Award (Iowa State 
University, 1981), Distinguished Fellow Award (Iowa 
Academy of Sciences, 1985), Northrup King Recogni-
tion Award for Research in Corn Breeding 0985), 
Breeding and Genetics Award (National Council of 
Commercial Plant Breeders, 1984), Scientist of the 
Year Award (U. S. Department of Agriculture, 1985), 
Iowa Govenor's Science Application Medal 0990), 
member of the National Academy of Sciences 0989), 
and DeKalb Crop Science Distinguished Career 
Award (Crop Science Society of America, 1990). 
Due, in large measure, to Dr. Hallauer's research 
activities Plant Breeding is now firmly based on 
quantitative genetic principles and given a know-
ledge of population parameters prediction can be 
made as to the relative effectiveness of alternative 
breeding systems. The impact of his research on corn 
breeding and production has been enormous. We 
find it both a pleasure and an honor to participate in 
honoring Dr. Amel R. Hallauer for his brilliant and 
innovative contributions to corn breeding. The 
assemblage of papers in this volume is a testimony to 
this. 
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